^TcTT ^TcfT 



3ricT-^J-c||^+?nddl 




el^sich: 3ll^o1«h i^<H|q 

ftT5R>TT: liftin' 

3McJI<W> : 3f^7Ti^TT 
o o 



*TcTT ^ToTT 



3ricT-^J-c||^c|-?nddl (SNT-4>3ebftfa<n) 



M^-d4>^3Tf2IFr 

O 

?. <HIM<HI<H ^Ft^STFr? 

3. o-ddd-H dlH<HI<H fe>ddl |? 

3. ^FTt^t'fcJr # dciddl 

4. 3T^T->H<)-c||^c(-?fr?THT (^TT 



?. <him<hi<h <Ft#rfT srrti? 

dldl WOT. J^ui #> cfc^T, dd dlM<HI«H RUdl $cfT 

O 

ddld ^TTFU $? (^T^-STT^T) ^FT cd d g K dWI°-d d^ddd +dl tfldl ^?<Hjdd<H 

dlH<HI<H fe>ddl ^J||?«1d«bcfl,y^RTTen'3ikR;d yfaftd % # ^STUT S^RT, TRFT%dl4 Ud^S# 

#T 3rd! c£SrT |tT 3TRT 3^cT f . 3T3fT-373fT dt ^TdT % ftfi}^T T^TTdt # 3TT ch^TT^T T?3T ft dd 3rd! 

^^oT^^trrf. 3fkd73fr-dT3fTd^<3dlfa<F3Ryd1dl dTTSTRt'^T^'f t^’TT’TO^cldlQdi <+>l<H ^ 
dR^f. ^T§tr-^§tr^dlPch t7d7W3R%3cdT^33W#feRfr?Rfr d-H-HJI 3^£oTc^P|cHd c^rtf - 
0-tfl ddfdi Qid-^ di} #i°-gW ^r§fr ^fTETT 3fr 5T ftdw #+w ^ 



|i 



Ttafr^ ^ J-d | £ cf-^ftoTcTT (*JM< cbd«bti^<5l). 3dlPl* dN-HId %dlt#RGT-^tSRRRl’ 

dRSRRTdR^^fck'ch J r <^dRdRTR^--3Rt3^-^^l6^ft<^ (gqT«*>d«hft^)5f>TMdl oRTT. 
^F^sfloT 6 ^l^ ddd ^T^cfrfr. Rd’RtdFf? ddd £r^! 

3TT^r!W3^^-f^t^R^pi uloi ^r^lcH srfcr afrr yl^ttr # ^ dT# 

o o 

% f^TT 3ofr d^f cTRt dT RTfR £fdRT ddT oRT^T ^ ^Fltf dR^ R^dWT RUd - dR Rdnlt (?. 

* * * 

fRTRnd^f #RR#3T^m'^#dNdld3rf^?tenfr.?RTdF^^nd£f fod^%RtRR*rdN«Hld 
^^rari^7^TT^.^T^§fr3TM^f f^chO,M<il^^rf^is|cHdl ?T3nqT^dT«HlR)>H#RRcfr?f 

O o o 

fclRtfT d£d i\A Ftcfr^- $d41 J|J5 ?V) Rttfd =Hd>H d^c) f . ?*fr R^T - 3Rfr-dfc (fTf-3TT^R) dd 

dd>^l d£d d>sil ^ldl £~fcRT35rfa» J'A eb*d Mgd ?RFRTfr. 

o o ^ o 

^RddRd, fa>*fl d>hH d^ISdRd^d^d d£i dRRT^dTf^fodFfe-d^ J|J5 dTRfrfT. 3RRd|Td|H 

dr sfr |f rT 3?r ^ ^ dRd: ?rr Rd^rr $. srr pt aft rtr^ fa fa*r dTR drr ?rt t* f d^r 

d£d J|<^ dT d >^1 d£i fTSfai*) ?V) £ 5 ^ *b 1 £ d>^d d£i tfldl, farafrfRTtSdRdFRlt ddl Rdxrl fad^T 
fad°fl d<tf dT^|l\e^3TTdWFRfalJcb 0 ±l d^^frfa dlHdld d^dN R<^> 3^ fafc fTTd £ *pR 
dlHdld RnR^Tr3rftfafadR41d fa 



fRRT&dfafadd fafa Mdl^dTTdfadTdsJI fadl vdldl el'RM^ dddld STTRTfa ddl*R u l ^faTdT, 
3rf?fad< Hdl^dtf dRfadT, tfaffaf; dtf d# fa RTfa f ■ RSTdRfadT, 3RRR fa ffaR? RTfa f ; DtefaRTfa 
f. M^fWd $d<^8RTfafaf fa3RRRffafc^l£faRfa£fa. 

3TT^fa ijch yfad dfa . ijcb ul-lsl^ dc-d dTTdfa (d^ch^l) £ £R3\ dRdfadiLR dlc^ fa k'=h dJ -41, RRR^T, 

^c^dddfaTddd ddl£. $R dddfa^faRfa|-^faRfa.^Rsfafa^Rfa?Rd- (faRRT)fa 

tor irf fafar ?r^ fr faRdd arfa £ "3dTfar . 

3ra" RT^ - 31^ ^Rd" ddd dRRT ?FF 3TTR t^TRRT ^nHdl ?FF ^tRT 3^T 

STfeT MKI ddd’^3TTRRRTT. faddl 3TFTRlt^R^ oTTW, 3RRT $[ RRT ^c^TT 3fhT Rlt dR RdT 
dRd^dddl RRRTT. cMdl ?FR RRT Rt Rd*T ^ 3RT dR RRT ^TT, €ffr €ffr sM 3TTRT 

3R^ aTRRTT. 

o v 

3Rd%31o-d'l MKI R^ddl i>M>l ddl RTdd<l 3TTRdF31d<HI<H ddl d<^rl f f^> MRI t^ddl J|<^ RT35T 

dRfr^qit^WTtRW^r^dT (RT RRfT 3RR dRd RRfr ^ R3 - dR f^RIT RTT ) t^cRfr RT 
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?^cRF^^*6dldl (fad*! jjl* M J|41 <HN<^I 3ToTT"). ^RT^'cR Ml> 

#3^TTf ?RtdN<HI<H sldlcfl 

T^RTT^^^-H^cR ?(9?<: ^?Er^dlP|ch^t3ra'^'4d >+>R<H£l$<i (?£><^ 
- ?l93?,)^^Trm. dlH-HId ^r^nPIT^5TN^r%rak J 4>l}df!l$<i ^T^FTR# 
^■^■sKIsK^H^ #«rfer 3fR3RRT?, 3, 3, ...<HJ-sK 3lcH fc±l.?Rf^RTT 
Uch^jJl ch^dmi.fM’^3T^c^^§TT^^lJ^' , ^ ,, ^TT^. 

olt^d k'chdd^iarafr^T^^^.^f^T^jJl'tjl^l'fjiddi ch^T^r?]^ 

^t? 

aff^r ^ d^cTT f? ^7T qT^fr # 3TR 3R 3d^ qft ^ToTT 

sto-si s«ll ct 3^T cq<s| 3^ hR % RR *R t^RTR ddl ct. -4$ f^^TToT Hl®il o 1 «H<rl 
^TdN-HId <s)dl^ J ll 3fR$d<=h) 6<H ofUl fejJR d^FcTf. 4d}<Hfil$ci ^ 
pRTTf^fijRl' dN<HI<H d<H<M ^fcslddl {? 31? 31RT 35T dl*-l<HlcH 3d^qT^tzr<H<H=b 3TR3R 

O 

3TT3ttr<i^l fa»±ll. <H-H<£|<H Mlof|,*ntJKU| 4I<^ 3T^STT <+><H dN-HId RT3WRT|r. 3tqrft#d<sl d^d-H* 
sllddl <£l d«l d<*> dN-HId RKdl T?T. d«l dNdld 3!kRf^ ddd, a3‘3^#qft%ddTqT3d^ofR?t' 
ft^ft^r^TTRcRTTf^TT. 33T f^RTTR IRRt 3d - dN-HId q? ddldl ^RT ’R ^TT2R *TT^fr (ft^TT d-H<*> dlcHI) 
;^.3fccfl^f^TR3^dNdldqTd$I-Hkll Ml«fl 3<slddl 9FFS3TT. 





MI^^TTRf^r^TefF^lcil Mlofl d-HI $)dl IsttTd^TisIdl ?^° «RT«R 
%f|rRTt^'siT<i^iii. 3frrf^RoffTTtMrf^r?TTR (3rrd-H<£id #T3w^^r 
dN-HId 2JT)#3ftT3TRt'^r. >-hl^<H^I^<±-^<Hla^ qTdT^rqT^^d-Ho} 33 

dN-HId 3?-f f^r?TTRRT3ttT3sld^ ^TdlMdld 3 ? 3-cT t^RTTR ’R ^3TT. 

3^^ foqT^t#T3RR|- 33 dN-HId 3lk 3-^33 "???- 

ferfr-iM}d£l$<i" ^.^rRTJr^Fr3? 0 F3ttT??? 0 F (° 33 3 t£ £ fttfl) foRs^ £ . 

w}<H£i$ci ^<Hi<rl 3Tpnt?TtR33 di-Hi°-ij dN-nw ^<r°Ft?. awf^fr cdf^d 33 
dN-HId 3c£3R ?oo°F 3T 3l1tj3T £f 333 rfr £<H 3^ £ 33f 333R £. 



dIH-HId 33 mRd^d-'l-HIdl 31RTdf^lo1dcb 3£t£. 33fr%a1<Ho} Sttl JslcH^ 33 dN-HId 

o ^ 

3TRTTR3T^'#ciJ+d d$ fa»3l d3l £. ?b?9 # defied #r3dlft* ^<*tfl3RT (Anders Celsius ?l9«? - 
?l9««) $ k<* T^chc*-'-) d£ll3l. dldl Ml«fl %3RRT^T dlMdld oil<Vfl?fl'3ik J«ld^ ^FfdlH-HId ?oo- 

fM\ PfltTRf^RIT. 3RT:^t3W^^TdlM<HI<H "0 tMT-^RfraRT 0°C 3jk3^WHFWR"?<>» 
fMr-^cRfr3Rr"^r?oo 0 c ch^Hi^ crtt. ^r^3rt-?ttwr-4rmt fc^r y^fad ^ 

vdddl 3T3fr3fr4il}d6l$d4^^y4lJ| ch<cTl^, 
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raw-^-HMi^rawHi $r ^Fn - 

^T ^TT§T-^TT§T <4>>6<4> # §fT totta - f^TT 



3f[WdN<Hld ldd<f-«K ?3, JTdlH^I 7T5TNT?RT. tJR 
^ ^ wrkTT ^ sftr sit ^Tcfr ^ 
t, si - at mv fr aftr ^ 3# fr . ^ 



2TT^°C (=?3S,°F ).<T£3t% 



??l9 u c (=^y 3 F ) d<*> HfM 



SHIS 



!ii!F B iRfcf *rr 



SOesho 



(=?5ooo°f ) £ . dftd< (si^hQ ^rar 

^#r#^ ^TdN^ld ?%ooo,ooo 0 C (^13000,000° 

<+>*$. Ridul %^^t#rdm<Hi<H jrT# 
3T¥ ^ 3?q^r !tt, TfT ^ WTTW ■ 



^TdlH-HId dJ|£RT£,°°° 0 C 
r4«ooo 0 c (=^ooo°f ) d* m|^i oHidi fr. attr 



■^FZTffr, Ijch ^J-4 ^J|^<H t^iJi ??3r3TTf ?^3 



dN<HI<H - 6%°C ( = ?%°F ) STFTT. ^^tqT3Ta1td«*> HIM ^T 
^ttt^r:, vdrfT fid 1 d’F^^^Rnr, ^T?rr^j|<Hkd d£i ; 



■ ^F?T ffr ^cTT ft %ZTT <K 



-?3l9°C ( = 3£?°F ) d4>H6*l dldlft 



■^FZTffcTTft 
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-?U°C (= - 3£°°F) d«bMg*l>Hldl$. dt=KII $d<=M <Hdd«l fc^dd-H dN«HI<H <rfl<HI d£i? 

f^^TddTddd dtdjTf? fo, tfldifo dN«HI<H ddo} >tfl«HI d£i, M<<rcH QHo} # 3Td?d tftdT f^dfr 

cPFg3ddN<Hld k J ch^<HI^Tch«H<H^i?t^T^cTT. 

°°C dN«HI<H Rl5> k'ch ^ilMdch 3TdT$\ ?Fdfr3Td ^3TTdT^%fpr#ddfr^cH«H<>} dlol dlM-HId °°C 
£Ffn\ddfodN<HI<H o°C^§fT^T!rt^T^cTT!r. 4i|}d£l$d ^}]1^%dtTdTdd<£ld 41^ %vd«H<^l RIr\ 
dNdld^° 0 F^;6lcHTfodN<Hld id*) §ft *Fd d^FdT fr. £«H ?frGfrtf-ft#dN<HI<H Uo-dlfecM % 
d^?fldd*2Td%dN<Hld ^Tf^rT^t, dTdfe%, dT<^T£t%, 6<H did*} f ^ fd §fT 
dNdld 3dTT6<H Odl dNdld d% f^RTFT W^R <^h<| dNdld d ?t, ftd3d 

dNdld fid ch^dlfrgfTcjlW^^ofkl-^Jil ^II.^Td^l 3fRt-fM dNdld ^Ft, fad*) 

^zraftr^tdiHdid 

3^d?ddfTf? ^dlfa*) ^q^pq-.^ii cFT f^dTT 3TFTT $[ ? 



3. <rij<Hd<H dN'HH fa>d<HI %? 

JFnT^^TllPlch^frSTtTT OdVdld (Guillaume Amontons ? £^£^3 -?la<N ) H$c>) cijfacl fa°-$l°-l ys^lpNC- 

3fr^^qi3 ! RT-?T^r#«+ IC vL| < Hi^r. OdVdld^Tdfa dNdiddFF^f^fDo-d dfl*l#2fr. Wd3ddr 

t\ f\ o 

gwt tFftdfn^: % qft #r sjdWter % stt^ftt ?r prr m. ^dfarr 
3TTqTt#r2wWf3T olldcblfl 5T 2fr . id°} £dll #olsl £41 SFTTdsI *\A 

fedTTdTddT^^dcfl t, 3ttTd«l 631 fedTTaTTddrf*)cF3cfl {?. ^dd£d3d 

iildld ^Rid" 1 ) dNdld <HIM<r| dldT. id=bl ^<dl ^FT tld'jrfld* 

3^d T Fdd*^d*d3d^*^^T#r%d^T3ttTf^3?r#rc2Tq?TT#^cfr 

o o' 

dtfr. 

3d^T ^d R\R ^TT dt* - fedTT fer dd £dT 37T 33T fedTT oTTcTT {? df t?^T f^JT 

3ttTdr3frr,c^H^ Jl*) 3fr3*frf^^d^£facF3cfl f. 

3RA dldl feT63l cb<°} ^T^dTdm^o-^ <S1*)' ddldl* f*)<*>3cfl dl4jfl 3ttT3Td 
#3dcH tld'+xH (clVil^Jd^^T^RdffTdl^JII. dfa fa*4 did #Tfc|dLbd 
(c|V>!|<H) d^i ^Td^rT, 3Td: dN-HId 3# k'<+. 4fl<HI ^Tch^ d^i 

f^dlT dT d^dT. 3d^T f^EIR 2JT foTd dTWd df ^d dd^d (^tc^Td) 
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^Ta=^T fTt 3TRT, cr|to-ydd<H dlHdld 



OdVdld 3rit}^7^§TT^?T5Ter3TT3ffT?fft?fftcf^T^Fr3Tpr 

O o 



?T#. ?l9^^5m7T^^Ht3dlP|ch vjl+'Md aic^oU* ^Ic-^ (?l9«S - ?<^3)^f^^dN«Hld%c(c|KI ^Idi % 

yd^d (cfto-^JH) nRy^d art^ 



f^TT.^Tc^ 2TT3ftO<HVd1d ^5m. 

yic-^ %^RTcT^ x: nt%y<H'i41d'i ^r^i^^chK ^r 
^rarr. ^^fo3myF°°C x: R'?rcn-^ 

651 

-?°C ct 3TTrrr ^ cfr j<h4i y<H4id (yVy<H) ^ ? / 3is° 
#^fr!fr3n?fr^. ftri^F-fMr dNdid cbd ^ ?r 
fTeTT^m-yd^cH (yVy<H) o 0 C^TdT^J|il tld^d 
(cftc^TT) £?/3l9° §TT7T^Tjrt?TT?rm. c^H-Tl Jldi ^ 
3fM$ ciiy^K^iyi. 

3ii<^ ^ ajtfrattr^w^. <hi define 3 tft o°c *tt 
5130 cK^cb-^ET Ud^bd (dV4d) r dN-HId 
RUldl ?FF^R^f. 3iJK dN-HId fjHcb< -?°C ?t 

ct-^cb-^r 

?t diyjii. -?°c *tt lie cby^cb-^ET afrr -3°c qr lib 

3TTl^ 3TTl^. 3TR -?(90°C ^TT 3TT % 

c\ ' 




aw-WM^y di4dl dtfrgr^ryd^d (yVy-H) ^T^rffTvdiyJii.afrr^rdNdid k'sdc-yci-ofr^^Vra'- 
5j^3Tcb^dl^dl. 



^r k J =h dc-cfl#;3^3N<31 ycblf|t^d|t #. c£Rt 

3dlftchi^Ft'3>H<£'l ^Id^rwfTd^i ddl. 5liy<i 3-L) k's^c-yd-offTT^T 
^RT-?lo-y dN-HId #cbc-L)dl ^d'^ofly djfl ^jfl.f^R§fT3^31M41 Uld 

f\ e\ j 

#rsnt*rftofl cblftyi tffa-i-y fayi cRdi 3-H^ ftyul wfrsr^ERWT. 

?<^o? 3ttr 3dl lr)=b dl-^ cjf' d1o-y^=b (Joseph Louis Gay- 

Lussac ?i9i9<:- ?^o)?r§fr^ yy1d^<{^iyL33'3fry|tHUuii < H fadidt 



^[. MVcHado^ 3T^^7T% 1 jRu|| ( h ctf- ^T^t?T f^TT. 3T^T 
3dlQcb§fr^^TL J ®dc-ye-GfR?l'^TVRr-?T^dN<Hld%^Tt^3cd=h!nT 

<N <\ <\ O o 

3ftr 3T^r x TcTT ddl<3 #f^c||-(-dy # q^ra'-?T^r dN-HId 3nftslT{? fa^ddl. 

J <\ <\ 
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^ 3Tr1^T T T^ oT^TT ^1" f^TT k J <^ c^^cL-ofP^ ^ ^‘ra'-^lo^r dN<HI<H - : ?l93.? c 5°C (= -«^°F )t ■ 



olRvH <TIIM<HI<H f5tTr^T3t7r%y<H4icH (cfto^-H) x T^Rr-?T^r HN«HI«H # vdldcbl^l 

d -H ^i f? ~ M oH dlHdld fjUdi ^FTt^-3ra^#5^f TFcft; 3RTTt3RT4>t5. M cft^. 3'ctf$*U| % 
?ftT^ x TT^?oo°C^3^%'3raTm^'^TT^. «M>Hldlft. k J <~b)£d did 

3TcPF2TT?t£S2T ^TT?rF^F?TT^te<:.y 0 C(=?l93.? 0 F). f^R 3«.?, 0 C (=<^.3°F) ^T3ftrsqt^ -o.<$ °c 
(=3?.?°F)RF?^r ^T3TT^f.3ra-%-5fc2T oTTcff ^ eft dN«HI<H ch<H cfR^^Ft jd=M tld^d (clVdTHj^FH 
Rtfft^nFTT^M'lo-cHctvH d|fa 



3dlPl<*> tolddl o-’Mdd-H dN-HId Jd'-K 3ttT 3R^F ^Ft ^FT-SraT^r ^ 

fStTfft. ^cZTdft^#. ftR3fr$'H'£l chc^dl <Mdl aRtaWSTfr^^^Ft dN-HId ^T^TT vdl^JII ^t^# 
?fc3T Jt^Tvdlijjfl 3fhF3^T^r y<H>^d (dVd<H) 3RTFTt^TT<TF*«H J|fa ?t. cUddl^dl FTt^^frfc 
sl^d *<H dNdld^T^ft^ryd^cH (dVdd) TT^^ftfttvdldJIl. 3TT3RR^#id<=M tl<H4icH (dVd«H) 

O ^ ^ 

373ft 3RZT ffRTTfrRft. 3TR: TJsFTF^-ofTFt ^ q^RT-Sl^T FTTWR 37T 37|f 3T?t ft dft. 



3f tslid #Tc| - 7111^)31 icllolSRT^Ij-ldd (William Thomson -?^°l9) 
?t$d d-Hddl RtfadK favMI. (^#,ft^TR^R^2ftTTFRT^ttTR 
^>pc|<H ^rtBdlsI f^TT. ^FT =bKU| cTRT3^ ^ipcld %RT7TTt dldr) f.) 

?td<^ fcdl foTR 4<<HIUI3TtTts|^ ^ f^fadebF 

dlcfl+dd <*>£dlc) f. ^tFTt#^t dtcfl+dd F-cld=ldl 3cf37TRT dd^rl f. Ifc^Tt 
altr ^ grga# ^ ^ tj^ f 3ttr 3 tf ^ ^ arT^-^rd: fteT^ 

t 

dlcflcKJd -McMdl M^ch tjdf 2TT3RRfrdd|£ $<Hdf cllcfl d|f?l 

^rt‘f^Jci'3Tjfr^ry<Hiui ft. dNdw foiddi arltj^r^t, zr^fr 
W?tfad<HI o-illdj l\A fft, d1cfl<*3d 3H^fr^^?Tt^frR!ft3t3ra': iddf Adi 3d*fl £to-i|ld(l $)jft. 
dlM<HI<H Hjlddl ^TT^TT, ^n^tt^^lttfolddl o-'MIdil <50?T^RTT, dlcfl+dd 3H^<?T377T3Tf^3frR^3Tc1': 
3^3T3fT3FRfrfr^TT!!Wr. S^T, 3ttl c5tFT - % feFT TTT^T f^C f?3TT. 

O 




% TFRRt #T FTff#T ^t ^ 3FTT 
FRIT d^rcl ijuf HS^T ff TT 

•inid^Jd <HI cHl 3-3cHl ^t 3Tjfr, ®T 1^7 
iddd Ud'+xH (dVd-H). 3TcT: k'®dc~4<i- 
^firt^rq^-^io-ii diM<Hi<H qrt^Rfr§tr 

t\ f\ 

W^^^rT^dtcilcFildl ^t^ofr'RTT^T 

c\ 




?R3T!rrcHli|jfl 3ttT^FrFt«+„H d^i fTt>H=hctl 3>H=bl U<H4 kH (d1c--MJH) t>.d<HI 3^T ; k'^^d-^fRt 
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dN-HW ^r^rpdrcl -3b3.?<5°C qTfa3T|3TT*ll$ $d dN«Hld qr ^hfT-3T^F^TT # Tft ^TT 

?fc3T^T3Tt#. 



?<^5? # ^Pdd ^ $d<slld ^oTfT^RTTfo^R dlH<HI<H k'sdc^d-oftTf^TT 
^ ?T^ ^ ^ oTra - 3^T fMt ^ 3^ ^T oTT^. 

<\ <\ O 

dN<HI<H-^«HI<rl k's^c-'Md-^MI ^TT (off# ^.Tc^oH % d<*-<Hld ^TT) 
^pcj<H-^<HI<^ % 5TT7T ^ oTMT oTTcTT ^ . 



^Pdd-^lo} k's^o^Jd-oftfT ^TT ^T^RT-^T^ "ofFft fMt ^Pdd" ^TT °°K 

t\ t\ t\ 

k j ®^c-iie-3ffTt’^Tq4q’-?io-ii #> dm<HM £?b3.?<?f!?fr 

t\ t\ c\ c\ 

sM t, ?^r 3 t^ f3tt ' nsfr TT^fTo^r-ofrrr *tt q^rq--?^ ?r ?o3. ?<? fM’ 
d»M< cH-Hdl ^TTdRV-d fol'lslcl f 3193. ?<* °K. 3etfl3rer-tol£ <K 5TT^ 
dN«HI<H ^Pdd-^dlo} # sKHo^ 3193. ote£lfolA|. f^T 

?oo°c qrisiddi t’^TRfrf^ger ?°° + = 3te3. ?4 °k *tt 



31<ri| J)4il ^Tq^-^lo-iJ dN-HId £ J>M< ?\cij «R(pTT 3TT ?RFHT |T ^RTT? ^HT 

c\ c\ 

^^%fer#3^^Rt^r^HS5r‘+''l<HI 1 T^TT — 3TRJ3 - ’l^RT-ST^T dlH<HI<H % 

O <\ c\ 

cH d | §-| d | . 

c)fe><H jV^=h%^T7Rr^H^r^TdlM<HI<H d=h 631 3^TRr?T 2JT. 63T 

dN<HI<H qRT#rfeT#3dlP|cb 2JT k J o-<±lf5.=hl oTT d‘+><rl *$. H3°-d 

kVdlfe«H tf«r^l«Hd<H dlM<HI<H ?£y°KfTf3l<H Midi 3frf^q^T-?|o^l dlM<HI<H ^ 
ort^rt^oo f^tarUj^r^. ^ ciih<hm aw^ra'STT. 

?633 3^ l§li<ri %U^i'3-7lll^ch <Hl$=b<H (Michael Faraday ?(9^? -?6£l9) ^ 




ji'f- L ,c- :?•:«- 

o'F- -II it- 




•isloRlI. 




wnr-rffTT 



#r f^nr ^Ftepr aft foTdNt. 

o 






Wt-3TT^qu ! Rr-?T^rdl l -l<HI<H #3tfl3H|ch^d f^TT, dJ) 

c\ C\ c\ 
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#Efr. SRR’f^Rfr^RRSJRRSTRTaTRT', cfr37T%d1<^cHJd TT^r ^T^r #r T TRT 3H I oH 1 4 <^1 3^T 
far J*) &OU JNc^ddl 3TTBT5T ^r^TT. dHl 3RR ch^ % ^HRJ^ 3^ RR eRTR §ft 3TRT 

cfr ?trr 3?t z&i gRortt 3fk aft 3 trrt ststrt ?rt% 35 ^ $r f^rr 



$^£?TiR7?Tf£37Rr# -Hvdsld SRRofr. e^^SRT^T^W^R^^fr^^R^rRRchHl^ld afartcTTeft. 
i'Ho^ %c^A RU 5f>rPltMI«b< cR 3R^RTT. d^j«l J|J^ PMlI 3flR«Hl:E!<=M 3Rf <^<H^I 

(3T^3fr3TaTTL )%3TT^Rrr^oT fc^l. 3Rl^d^% k J =h ft} «Wl(l<H jft ftcbpft 4 Ml §TT 

R^3fc^^ftRTR 1 fc%RRfr*i'. ^RT^RTc^ftt^lSRR^attR^ft- <Mdl SRf^RTcTT 
cf-cnlTlol 3ft cftt Rf PlchcHoil C'Ms) cR cjd-d ftRT ^ 2IT ; 3ft RR c»ciis| sicJcll ^RTT. 3TcT RT, 3ft RR 

5RR3ftsPfc%Rftr#?fldddl #> «hKU| d^s| %d>u£ ft} qRct-dftd %cZ\ $chg| $ftl ?R^?RTT. 




=h<h'1-T|oh &an 



+<h1A<h 3)-h Pi+<h°} 

cllcHI Hc;^ 



$}t 3R ?fc2T-+diri<H cRft cf5T 3M<*>RU| 



3ft f^TT f^RfT 5RM % 
R3d°K (- 3tf .4°C)RR 
scr RRftft.^RTRTT^ftnft 
3TT# #T %cZ[ # sRRTT 3TT 

RRFRft. WRdNdld *<H 
#T ^TT2T ^TTST 3RR §tT 

ddlill 3TRTdt3R3ftj-^3fr 
STRTftrRr^tfcRRT^ 
RRFRT £ ft 3RFHR 3RT 

o 

dlMdldRTfr^ tf«l(Mcfl 

& 

$^##ry4l<J| RT cldlftcbl ft 

*<H dN<HI<H Mlo^^n)=hdi|l 



d'Tl'til RcTTRMT. ‘tio'Hoil cRlTol^ fer IRT # 3ft RR 2RR 5ToT 3R ftf %c*j # fftlT ?RTT ftR 3RT 

RcFT ft ft% 2TT f^ftt iftt ftoT ^ Rift fftTT fftft RT^R ft ^ftf 3RRR ST RTT RTft 3R 3RR" RcRT ft cfftWT 
ftRTTRTRTftldR) ^^T^Rft^ftfft islcHo} oft ftR 3ftft oft. 3ft # ft ft#, ft 

ftftRjft ft y^b-c^tf} ft cJT vtIMI ^ld|| — %oToTT ^RlT. $-d < ^> foT^" dnoll ^T STTR^^RtcTT ^RfT. 

3^5fr ^RTfrffi^jfl. ^if-o-^l Zcq j 1>H «sl<Hch>l 3^dl ?R\^RTT, i'H'+'l dlM<HI<H d«J) RT attl 8ff <+.<H ^Idl 



3TRRTT. 



?<:3 c a WJRT?TTTfr^fr. m tr. ^eldl^il (C.S.A. Thilorier) ^3nfo-3lf-3n+HI$d 

# f^tj- TT ^ ?JTR #r 33R ^RTRT 3TT ^RT ^T SRR RT 3T^^RT ?T^R?TTc?T 8ft. 

O ^ t\ ^ f\ 

d«l Z^R tfcHifll ^HKI «*>l4H-5lf-3fi«hHI^ ^ fit ^RIT, Rt 3TRT 3^ ^T ^Tc^R «fl?T W 3? 3TT^ 
f^RTT. 3^ # ^ ^T RTWR attl ^RT ffRRTT attl ^T ^RT fft 3RTT. 
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5tR cbl«i<H-5Tf-3ll+'HI$3 R<H<*kH R^FolRF RRdl (?, M<«-d ^FR^T RF R^R # dcicHo} # sIRIR Ffr^F 

o o 

%■ # RRR oTTcTT ft. ?R 3FRUF ^FT fTf-3FFfR (FR^T-R^F) RF^RT f RFT t%F ?^«.£,°K (-l9<r.^°C) RT 
FM ^tFF 3^ siQcH olldl (?. fTf'-3fF^R (fusJI-R^) % CR>s1 R>f RcR'-f'RF’ 3^ 5lcH«tR TFT c55F RTF 
FTRFFFF RFt RRT^ % fM R^FF RFR dlHRIR RT^F. fTf-3FTfFF (FR^T-R^F) #F |RF# f§R 

33F RFFcT f 3lk RfF 3TTR RR RR 33RF ?RF RR tFTF f? ~ qf^JTTTT - f§R RFF dNRIR 

3lk f3tT oTTcTT ft. fTf-3FTfFF (FR#F-r3f) 3fk fRT % ftjRW RFF dNRIR ?£3°K (-??°°C) FTRF frR 
RR>dl (?. ^iJo-<i|R.chl #RT^RTT^RTc^o-RRdR dNRIR F^afFRFR'f?. 

3FRT fRT % RRtR # 3RR % RRF # a^FF RFt 3#F ^Flt ftlt Rt R^F % RT^fT #T RRTFR fT^- -3FT?FF 

(Fnfr-RtF) tr 55T at rfT afTFTTFfr tr RcR3tRF^RnFTRFFn^--fMRRR3R^RtfR?^ 
WctRcR# skhri rf^r rf. 

RTFtTR ^F, ?<?£° % FF3FRF % 3FFF d°h, FTR dR> vdlRcbK d 1dl ?F, <^>cicH W Of^I <*1^ iolRRil 
RRR 3t s|c;cHI R RFF •Fl c hl ^TT. Rt <*1^ ^ft - J^R-FTl'dR, oll^clvdR, R^ sfT <*1^ t^oFRR f>dl «IRIcTl f? ; chl^d-dldl- 
3flR-RI$3, FJRFRtftlctl ^FRTtRteF'-JIlfiRl %k , 3^VdqTfR^'P|chcHcfl t; 3ttT£1fftFRR -FTR^ff^' 

6c~Pl %. ?<:°° ?TFTRF%3^FTRF, «3flT%lT#F^^r^Rcbl Sl£-3FTfFT (FT^t-R^F) 3^T fRT % 
f*F3NT 5RTTF RcR # 3T RRRF RTF FTRFF. ^ RRttlR, 3TTRfR, 3fF3FtR 3ffT £rfcPRR\ 

?<^ # 3TTRTcfe #F TJcfT ^dlPlch aftRFT ijfRF (?<^?3 - U&) £ ?R FfcR^ sjc^cH^ # 

cF.te»Hl£ ^TT RRfTTRT. 3R^ W RRTRT t^T ^FF ^T dlM<HIH 3T^t^T ffRTT TFT ddld^ 

#r fertr 3H^ fr arlt^r FfgR # 3 ttr?r^ftt eMr. ^ #r fttwr ^r srr ftT^ft 

ScR ^ slcid^ #r feTR «np RW FfRTR # dWd R|t. 3^T rft 3^1, ^ (fM^RF)- 

dlM<HI<H" #T 5RF ^FF RF ^>d<HI 3fF FfRFR 3FRF RFR, TFT sRRTF RF RRFTF. foTR 3FFR 

3WF Rt R ^fRF oFF RRF 3RRF ft?H(f|FftRRF)-RFWR ?E,3°K (-??o°C) TT 3fF RR RF. 

3FR: 5^R^" sK;cH<rl % feF^ ^R 3tRt RR^ Hflpl ?£3°K (-??o°C) ^ 3fF sfF^F <55F RRRF ^tRF -- 
RlPl^., fTf-3FF^FF (^nfF-R^) 3^T fRT % RRFFF RFRF dIMRIR ^F 3ft sM. 



^ pftt ^PcjR (3FT 3F3fF 1%foF3T3T RtRRR #T RFR ^F fF ^ RF^ ^) 3^T 3R#T flf^F 
cldik1<*> t^TR of3RF Cl'F<ti'lc oFFF (James Prescott Joule - ?<^) ?F RRf^fR f^RFF 
f^F ^C'ii R>t ^FF-3FRTRF RSfR ^R JS<rl ^<rl 3FRFRF 3fF FJRF dTl c hl ^ foFFF^" dIHRIR =hR f^RFT oFT RRFRF 

JR=hl RlRRI RFf^FRFR ofifolil 3FFR 3tFF RT FfRFR ^IRch< 3RF f^RfF tJt£-RRFt RF^R ^ Ri" S^T 3RF 

foldRI 55FRRR=hrl f RF^. f^ ^ Ffsfr ^R ^FF f^RfF R# RF^R ^ ^RT^F FTt R^ ^T ^fF ^F ^ 3Fofr 
cWTHtIR^ chKU| JRc+, 1 RIMRIR 3ttT^FR^laHR3||.^r"3TFF-RtRRR RRTR" RF^F RRF. 

?<09l9 ^ RFFR #T RRF 33ttcTRF?FTR^t RFFF RFTfRF^ (Louis Paul Cailletet ?<r3?-?^?3) ^ 

3fl R-^dR RTHjI <HR I FfRFRRFpF RRidl RF3FFTF. frfR Rslt |f 3ttRRflRTR RFF foTFTRF 55F RR RRFFTF RF f^FRF 
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afti TFT ^ ^ ^bcHo-) f^rr. 37^r^rf^3i i l^d<H nn cHi^jhih f^Tr^Rrr aftr^^r- 

3fi«NfloM #i^-i^t^5r5R3TT^r cPfr. $>H «41<«l ^3^<HI$d)o1<H 3ta3fl^-jfl^-3fl<WI$S*IT 
<^hwi afhr 3 <h^ 5\cii #§fr^r-tjr?r^ 

sfrt-sfrt ffr d'«b^'«b # ; Htnr ^an aflr uc$ # 3 ^ iRta ^fr arf^F tw%\ gozr # # 

o o 

-HticH $)<H*1. cji^-cici 3^, ?3 ^TTcT ol^oTl % k=h TTTPW^TTT^t ^Tc^ 3ToT [?l u d> (Carl von Linde 
?<^-?^3 y) ?r ^ht ?rtran Picmhi ^thtT ^ *ff£t jtrt # arronfr *r ^ctt an 

37T% £ 55fr 5^r-^Tfc^'H'!-cfl M'H #3>H=hl afH-^Q^ ^q-^T <H Jll. 

?^ ( Jcre>3Tre#3'HM j")>Hl^fa<Mfo)f&d dN«HI<Hl ^ caT^ ^ X TFTT. 

3kto ^o°K 2TT -?«.^°C 

3TPff?r <:i9.?<: 0 K ^r-?^.<:i9 0 C 

4-dl ^1<H <^.o?°K ^TT-?^.?« 0 C 

3nfo-tfl5fT-3ti«hHI$3 <:?.bo 0 K 2TT -?<*?. y^C 
<Hl^dld<H Is l9.34°K ^TT -?^4 .C°C 

m (k's^^d-afirr) <hn<hi<h % isis 0 qm qfer ^r. cflsr ft# - 

barter, $i$g1oM, afti - arafr sm£r tff sr ^an an ?ran ?n. fcn prt^ 

pHII 2J7 f^T ?FRRv "oUH-^1<H^<d n3Tm" ^<r| dl-tll H< n>T3T <r|^l c h , ( T^T. 



ai^^Te^r sn^-Ti 

N <\ ^ <\ 




eicii 
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?}fr cCl' < i o-i , ?dte3 # qqr ^<?iiPlch oil^o-o-^ si$^R=h qi^qTdd (Johannes Diderik van der 
Walls ?c3is - ?<w) $ aRrt qq ar^dd fcdr aflr q^r # qqoRT # q^fedTf <£r <h-h^i^ 
qq qdRr tor. 3?Tc£r ?fttr ^r q?q ^tctt ?d 31d ^tdt qq "dddtddd qdTq" qqr 
dlHdldl % sM qqd qRcfT odiqid< ^tdt qq "ddd't-Hdd ^T§TT^" qdfr 3rft}q7 dN-HId qq 
qqd qR^ cRTcTT £ 3fhT dRTRd dN<Hld qq f?T ^IdT 35T fodT oTT ^cTT 

?frtr £ <RTT ddT % fll^lvdd qq'qjddlddd q3TTd’ ?^°°K (-d3°C) ^ §fT qRT dNdld qq l^TT. 
f^r ddoH |r ^Tfftdd ^ Uo-dlft<+.l JT qRT d^T dqqT qRT dNdld qT §fT qRT cTRRTRT 

d't* osi qRoTr ^Rtt aftq ftR 3qr "oi^-^iljidoi qdTq" % 3id d< id %drqR aftq arftjqr osi qRdr 
qfdr. 



■(^hico^s ^ qdTqddTd^t o)<* _, d sq< (James Dewar - ?^33) 
q^ ^dif^ch ^ f^R^r ?d qft # dl^di ?jd fodr. 3 M qq^r 
did # 5 Rd-dl:?dldd 0l9°K (-?^°C) dN<Hld qqqdTdT. dfT 
dN-HId id dN-HId^qq^rqRTSTTf^Rrqr 6l!?^dd qq ,, ddd't«Hdd 
q§TTR" chm qRdT 3Jd q^dT. 3d«rl f>l$slo1o1 d 1-M k ,c b <Hai3c1 siriol ?T 
qR 37T qr STRIR 5TRT 3^T q^d - q^ ?^r-dT?5toRT qRT |Rt 

f^.^|#6l$sldd,^^qRqcd-dl$£ldd %dN«Hld qqqjddtft. 
fcfRqqr $ ^i^ldd q^%d^t^.ta*qreq^ftdd attrsfr^pRfr 
aftraid^dd uw #3^ qcd-^ldd 



^i^ldd j'l'H ?°.<:3 0 K (-wjWC) qqqcd # qqcfr. fi^RT rtf e^ldd q^Tqqq tfsiqdi jui 3Rfr 
d<^ fftraftd qrf 3fr qcq «iq<Hi ddr. qRdq qt, otrarfd d 'lqi , ^T^taRT jI-m rpRtt d Riq* arf^Jqr 
dNdidqrqqq ?Tqq^t- ?i9o°K p«e;.?o 0 C). 

3rt ^ qqq-di^aldd q^qR^t^r3^TTTtq^qq3fr uq. d^lq-i 3d^qqq-di^d1dd q^qqr 

qt^-^lqTR % q^ # R5T. ^tqTdr #T #q # tq^ (?RR) ^ f^RIT. Tjqr-^fqTR qn^ q^d qr d# 

slrid % 3RR aHr qT^T 3TRTRtr 3TT-dT 'd c hcTl RRd ql^ , Tl-c?lciicH clip) slrid 3^ foRR^" ^tqTdT 41q ?Rd 
|r (e^ d|ti ) -- d^ alk d# ?frqdr tt 3RdT attr qT!R dfr aTT-dr dq^fr. 

Riq,i^-i^d^%dq'^^q^^^3#qdTf^(tfr^)5(rdqRq|'.5qT $ TfqRT #r fM 
q^d^Tc^clldl #T3RdT#r dd^l q^Rlq-dl attrddchaK sldiqi fold'll eyelid ^Tddtq4d#d^dTq 
qrrqTqd (Rqpl+d) $qr d#r attr anr-qR d dRt Z. ^d d^r, qcq-j'ld T5id q^d 3d^r 

cjlciidl ^r, dTqqqariqRT-qqRTddddaRmqfitdqT. 
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3l d K 0-^ slriol Oo-^ ^C'i) <<ai ol | -i| 



■tJJH'+idiK 

dc1$ 




eft cTT T T^r3TRfR1'-TOTfcMTch<H $141 cf^T 

?RT 55T $[ TpW - ^ ^ *R 3^TT 
5T^t. ^ft 3cFT "f^T 4-dl>i-ch" ^ f.3TT7Tmr 
^^ ,, y^^W ,, %5TT7T^r§fr3TMT3n?TT^. 

3TjT R 5RT 3^T cRTT 55=t ^rrsfr ^TT oT*T 

attr ^ % fpr# erT # 

y^i ch^c^f. 

fZJT St 3T^t wr tf(W # 
3ffT3^t§TR5|<Hch'l3^%rak J oil^f^TT. ^j^dlM 

t\ 

4-cHI>i-ch%^T^r3lo-c;<<H^i 3TT^cTT ; 

#» folk 1 dN ?^T-^T^5R TtfrtoT. £31*^ ^cij 3ttT 
33Teft-?RTT. d^TtRTT d<H 

# ?3.^°K (-w.Ro°c)qr^c^r# 

^TWF3TT. 

o 

far 3ft, URTRI3-3fR?t ^ tpfcT-STSR Tt ? «° #T 3TRT- 

c\ f\ f\ 

qRTR^TfrfoROT %■ RT # ST SRRT ofT ?RFT. 



f^FT 4-cHid^ w 3i<dyd^r 3tTcT (cross-section) 



?^°o % c^3RT % R fStf^RW st?T, it?T 

$r srsfr ! 



V. £ltel*i<H 



frfeROT fm % WTPT ^RTT 3TftRF f^JI $$ £ . ^ 3TftRF t^R £tFt £ STtf £ §fT 
hRcIc^oH £ eft- arf^R- £t 3TT?t£. 2T£t 3TRW £ eft f^Rfr 3TSR WTPT ^ sr£t oT5 RR^ — 

c^rt ftftFm wtpt £ §fr sr£t. £rf^RRT ^rr # trt 3t%rt w £far £. 

5RT% <Hl^d)vH<H, 3i1cKT|cH<H 3ftCM-HUl<H $ M<<H|Uj3# TT ftdcR ^T £. 

fW <Hl^d1vH<H, atW^TUd 3ftT L kHl'Tl<H % tM \ ^RTR £. 3TcT: ^tfePW 
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3ft %czr ararsjr # dT^ft ftr fiftft qwwa# 3ft 

3lcdR}3T 6SI ch<cr|| £]d|| f^nfTFT ft ffte-cbcH f^cHdl 

37 3^1 ft. 

33T 3d ^dlPl* ftdRfolft aftfftd (Heike 
Kamerlingh Onnes ?^3-?^£>. f3=ft?^?3 3ft§rtfft3T 
?TTd333dtftdyi$sH ftdi) ft £ifftdd3ft 3cd3TdFdT3ft33dft 




ddddT 3ft ^TdfTTft # ddtftt 3ft 3ftf33T IftdTT. 3dft 337 ftftt qfttd?TTdT # ?dNdT # foTd3ft ftdTlft37 
3Td3lft37 373T dN-HW # 3T ?ftd 3d d#7. 3^ 3T3ft 3TTd 3ft ftftt 3^ftt 33td?TTdT 



8ft. 



^<H<rau aftfftd ft^fft^d %■ qr 3f?d 33 r stott aftr 3ft 33T- 

o " ^ 

H-CHI-dch 3ft TTt ^cZT-o1l$cla1o1 ft (53T ftft fftdT. 3d<ft dl^l ora" 
fftfftdd ^Ci)-<r||^ 5 . 1 vj 1 <r| Tolclft) 0^1 dlftftt d 5 ! id 3T "oJCH-8jt<Hd«1 
q§TTft' 33 3TCTT ftdT. fftd 3dft 3Tdftft37 ftit, 3ftr ?3dd ft, 

^iTR'Md d] d cfft i^dcld (ft>CH<1 ) $)<r) fftdT iv^ldft cff 3ftT 0^1 ft 

3TT3\ far d<6 ft idol ftfftdd did 3ft ^ci) ft HRc,g d 

fftdr. 3rd - ft, ^diPl* aftftftft ftd 3ft 3ft3c3ft37dftftd37dfn7! 

o 

ftfeRm «.9?°K (-3£^y°C) qr ^fr. ^r ^=r hn«hw 

H< 5< ^TT f^T ^tf^T3T oTc^t ^ f^T ^t?T <s| o-| ch< oT <35 3TRT, 

3ft I <3 ?^cb 2JJ f^T 3^T 0^1 slrloi ^ T^sIT 3TRT Tol'd^ °Pl d I J-H chJH 
^ °h<H 3io-c;< 3TT 'd^. 37To^ 6ci|-^fo)i|<H ^7 sfcfoT 3 tT k Jc b sf^ ^c^i-^i^gloioi % sTcW ^ <<sll oft <^c; 
T&) 3^T 3fT £c<L|-$cj| #7 sj^-joi ^ <<sJI ^T3 TT ^JT. 

o 

f^TdTeraftf^fT 3ft 33^r ftr d3T ^ 3T3T8TT ^ ^3 qrm ^thtT 3fr 3d - 3T 3 t^3t 

333T % ^RftTT 3TT 3fT 33T 337T 3fk 3RdT ^TT^dT ?IT. 3fT ^dT ?TT % 5fc3T-^ff^37T 3ft 3WT 
3TT 7ft dRT-3T3T8TT ft - eft 3TTft. 3d^ft ?ft|t ftt ^RW 3ft 3T3T8TT ft - 3fft f^TT f^ft 3d33 
dN<HI<H 3fhr f?tT ddT. far dTF 3^ o.^3 0 K (-Rte?.35°C) dN-HId 3T d33. f3T dN-HId 3T 

§ft 333 arar^TT 3ft £r TFT - TPd d 3d d33. 3? 3d3ftt 3ft aft^ftd # d?d fft 

?Fft aftr 3d33 ^dd 3ft dfd 3ft LjRcjRd 3R3ft 33 dddT dT33T d d33. 
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chi^l &\ i 



- 3 ^rot 




C?^HI dddl {?fc$fp|q<H ^1^631*^ j^vd-HI^R 
dtqT ddTdT 3^m Us^^d-^fRT dT q^Td-STdd 

dlHdld qq 3 fr ^“if^dd - WTTW 3 # # dt|t-tfr 

<s| l cpl q^ oTTcfr f?. d^ dnvJll '-K<HI l m 3TT ^ PlchloTl 
df?T oTT qrqqfr. d^T chKol f? f%T $<h M^iq-Sk-q cllH<Hlo1 
£ d^T dlHdld qTRT d^t cR ^T^cf. qcd-^lf^dd’ 

LRdiuiafr ^qT^q^sMdfrq^fr 3 ^ qrqT-arqTdr *r 

M^ci^d 

arfF^qr # dpd % qqs df^dl qiq, 3qr% qqr send, 
Fd ftditfl artf^RTPFfr f^r fffqr (Willem 
Hendrik Keesom - ?<W>) ^ arftjqr qqiq- afhr 
qqr dNdid qq qdtd, 3qq ^ q-dl^id qq f^rr 

dT, ^Ifaq-H q^r qcd qdT^ # fodT. 3d=M ydld qTW 
W- vdsl <^dd ?r qcd-£lfolq<H qq W cnqJ-isJd-qqTd' 
5 ToTT dT q? - ?°K qq qlqr-frf^dd' dTR q^r qrqq. 3frr 
dt attq q^ qqq’-frfeTqd’ qrr °.y°K dqr qsr afr q^q 
qrqr. 

eu<nifa> 3-7iiPlq> dd ddr qTTcT qrafT 3tdt q>t qcd" sttq 
qtqr # qq<q dtd^qqdg arafr t qr^sr^r.ql'qqj 
attq qqr^r ^T onqrqq q?sr^ £r — 3d^t 2fr qqr qfTdT hk 

q^ ^ - 3?dfr qr qt^fr yq - dqr q^rq^- ^qfr, qqtR: 

O o 

q^d'qqqq^^qfr, qrq dq> ql^d 3fei^t^lqfn 



qr qqq-qqiqqr 

s <\ 

dTq qq 3qqTd-qqTd f 



qqs^T o-q<Hd<H dN<HI<H %faqd HK qddTqtdq'd 

o <\ 

qr. ^tfcTdd chi qcii qqqr^ qt -mich , qr«T 
?^°£\ #, qr^Wt % 3dlPiq> qTddq d^qq (Walther Hermann Nernst ?3S;y - ? < ^?)?Td?' 
di^dqd‘f^f^3TTqk ) ^(-qd-qfrqrqrqT3 s RT-?TdzrdNdi<H #r q^r q^R dqr dt qfd qrqqT 1 , qqr 

C\ • C\ C\ j J 

qqqr d^t q>q qrq^". 



^qr^qrd< 5 i dd^i qqqrqqq|r. dw^r^il 3TTqy°KdNdidf^qq$raq<H qqq- ararm # qr ?rq 
qr^ t ■ arTqqrr qqs q^Tqr qrrdr ffmr f^rqrqr qqdPTaff #r ^qfr aqtfr q^r qqq attq dNdid 
f^rq qrr aqyr dri^r ?°k ?fr qqq. f^pq 3ddr fr qdTqr aftq qrrdr ffmr f^rqrqr qqdPTaff #r 
a^qfr qq qrr arTtfr q^ qqq aftq dmdid fjH<R ?°K ^r qqq. f^pq 3d^ fr qdTqr # aftq 
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3TTclWF?TT ftat dlH<HI<H qft °.4°K cTT^ °.^°K eTT^ *f. 3TPT 

^RTRT <s)d.lcl cHlijjX dN«Hld RUdl cTt oliqJII MVd 3TFT °°K d* d£i HlM 

O o 

fxpq §fr, ^diPlch °°K % fee: qfxr ?t%, m^<hi ara 3^ <fet pptt 

o o 

q^rl%fcm^qiT33?r^3'°.y 0 K dN-nw *tfetd£i q^i 

o 

?^??,^^r3dlp|ch xft^T 3ftfe (Peter Joseph Wilhelm Debye - ?^£>) qftuqr 

d<<£M TTfft. 3^ 4dl STTf^cbO. Mc^l^if %<Htc?l«KJd q«J-s|cb ^tq^d tflcl f. qq qqtq cFT q=qf q 

3«T <Hto^cKlcHl qft WT fe?q # 3TFFf% fen oTT^T 3ffT 37T qft £cq--£|feOT Z&TU 

c55T qiT o.«°K d^ diqi 3TRT. fxpT q<Hs|ch qft f^RTT 3TRT. q«Hs|cb % $ci<rl <h1 ch! < l-q cH oft 
k ,c h f^t?TT ?t 0”, PPT ^ frld<-t^d't fOdl 3Rt <M ^<*1 . '■K<j _ c 1 f^cR-f^cR ^l<rl % fottT 3o-£ .^oit ^ft 
3TT5'?qchdl fffafr oft cf ffpfc ?^T-^|[ofq<H, oft 3<r|<^> qRt rfW {?, ?t f?t SHI '-cl qR HI-*S«*1. $dq>l 

dddsl ^3TTfce^q-$fo)q<H qq dNdld 3ftr fft oTTXPTT. 

O 



?<t33#qqrai«H^<£l ^dlfe f^feRT 
MiiRfd ofraft% (William Francis Giauque 
?t qfer qq qqRr ferr 
aftr qt qcq-fffeRT qft o.^k dm<Hid 
qqr wd *f qqqq W- qxfRr-^io-q dm-Hid £ 

o <\ 

qt^Tf-tM' 3?qT! 

olsl 5q <3dlPlqfl qft $’d c t>l Hdl qdl eft 

3o-£W ?r tfr ^q qqRr qft ^rrtt atti qt 
°.°?eq 0 K diq<Hi<H qqr qfq qRt - qx^- 

o ^ 

. ,v 1 ?T^TdlM<HI<H Tt f^ptr ?/q« ^qT! 



^diQcbi ^ aftr §tr afrq^t tt fitci^w 
^ qrt ssr #r qftflt?r # altr 3 tft # 

dlM<HI<H o.oooo^°K aqrqfg-qrqr - qtfRT-?T^T 

O c\ c\ 

diq<Hi<H Rrtr ?/^oooo 3^qr. qxfm'-^i^TdN^id fxR §tr ^ to ^qq, attr ^ht prt^t |t 
^qqq ffiddi arqtm fr |r. 




o-q<Hd<H dlM<HI<H FFF qfq^ TtTTraqqft T|t. 5^ ^P5T ^t ^dlPlcbl qrt tft ?pfr 

^ o o o 

slid! ^FT Hdl "H cH I . 
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3<lfU u l #» cftr qq, # %qW # ^ tTcTT cW fa 

q.q°K dN«HI<H qq faoRW k'ch qTTilKUl £ci| faqfa 

3WT3ftr^c2rr <£f cRF ^ q^eT £lfaq7T-3 ffr W faqfa 
3wr afhr ^fr qr 3 Tcpt £r. ^if^ROT-q qqr qwr-qczm^farr 
fa>tfi ^Md%faqfr3fr*srtqrote tkqrarTqrRfrqrfcfad d*di 
m.f^^^^^3^T-^T5T3TT^T^^ra^<H-R 5T^t 
qfa qrqrqr $t. ^rfotaH-? farr faqfr safa % aft <r°t q^r £ 

ddl^d q^T d^dl §TT. 3^f^^^TToTT^'cTtcTT T T^TTt?^r^' 
k'«b dK ddl^d fftoTTcTT, 3«M<} d-H'U ^d^ol d£i side 1 ), 3^T 
f^T q^arf^qTq^^d^(6ld ^Td) ^dj d£i £ld. 

^T§tq?TTcRTT%^ff^W Eft ?Rf % WTTUT fa^T f - 
fafaw-y afk ^rf^w-3. sm ^rot fafaw-y toim 
$[ fa} f ^ o\\m fapt^OT WTPT3TT 3=T 3" WT WTPT 
faeROT-3 faff |T. qiddcl # fa^ROT-tf £r «.R?°K 

qq ^cij siddi ^ attq fa?ROT-y fr q.q°K qq faeRw-q # 
sldddl ft 




ftJT-3tR- ^^fanr^-facROT qq fa 



?^«o#^ip|c( 1 faeRm-3 qq^nuTs# sfT fa^Rm qr 
Qchid q^r fa?RRT-3 ^ ^trt *r qrw far. qiq # an^ qNdi dJiifa^ifaiw- 

o o 

3 4<<HIUI3ff qq 3TTC fa^RRT-tf qr 3/« 3T?TT §TT. fa^ROT-3 qq^TTW fRfa fa} % qqquT fa^ROT-« 

# afaaar 3Tc^r qr ^trr- 3 trr §trt qrqfa f. arqr: faoRR r-3 q^t 
ssr qqfa #r Rfar facRw-y qr 3fr q^ dN-nw # arTqqqqqrr 
fr. ?m#3diQq.l $ qqrr hjiwi fa fa^Rm-3 3 .q°K 
qq qczr # qdddi |r - fa^Rm-y qr fa ?°K sfar. 




3diQq.l fa farr qrfar pRtt ^t ^iT^^jh- 3 q^T fff^w-q qrqq- 

ficlj ?r?T^r q<;cHI oTT dqidl. ftiq^fr £llelq<H-3 q^T q^rT S5T l^iqi 

o 

^ ^qq^r % fM q? - frfer^w-q qm-qczr#sidid diq. 

3TTl^q?^i9q^frferq7T-3 qrr °.ooqq°K diq<Hid (q^Rr-?^ ^r 

?/«oo tMr ^qq) fff^Rw-q ^qq-qc^r ^sicid^^dq-ddi f^c^i. 

frf^Rw-y attq friers r-3 fr ^qqr ^qr qqitS - f 3fr ^r q^ 
diq<Hi<H qq 3fr qc^-araq^rr^q^f. LK<Hiuiaff^rq^RT3ttq3^T#r 
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^rfet^T'dlfcIqd dlicIqRll'd^l 4lcd ctolfasira^ qili^-qcqlp (Peter Leonido-vich Kapitsa 
?dW-?*d¥. ?d£?W 3Ttf^qT?TTdqqq<H^cH yi^sH fadl) UcTc^A^lft* dgd i<R^bdl £ ^foldd 
3lvjf|s| Hctl0” qq aRddd cti<<r) cH d l . 



< 5. 3Tf^"-4l<*-c| i^cf-^rielcll (^PTT «hS«hlctT5<Tl) 

O 

?Rd -ffirFzm qq art-Rd qR?r ddd qqr $qfr Ft dt Fdft arm 3fad # ^fr d^cddu'i aftr 

o o ^ 

^Mii'idti ^ qrqqfr fr. ^ qq* rtf qr Ft- 

^ o 

a^KUl #rfM, dqdTT#^cHc?l Mdlf^d F^t^dM^ k J «b qq,|dd £lcfT$. qrr 

dR%H<dlU|3tfq^tnFqq^F^3d^d<i<HI Msidl t- F^ 33frqqjM4l<H ^ClcHI ft H?ld^ dKd<tf 

o O 

FTdTdrfr. Fd^Kd ,hiJ) <hk % u* R)} qr^ RR d* d£i qjq mi<^ - #hit^ ji^ fr 

d^FTdqfrfr. 

am #r ^ ^ ^ ^ % wttw ^ ^r ^r attr f^5R?r % ^tf 

#q^ter5T^3t. .HdcHsi #rydieiH #^m<i RRiq£d) qRTFidT. arR}q>d<3diRiq>lqq 

dlddl dlfer^qT-^ <HK qq dNJHIoH <4,d tfldl dlddl, ^dc^l Mcil^H ^Ft^dlcfi qq,|dd 3frcb.H tflcfl 
didjfi afka^#k ) ®d^<i-^r^^qT3 ! ra'-?io-’4 dNdwqqdF*dddd3frdddFt^idJfi. 

^fTT-^Tri^vTicHi %cTRqrr?^r-e;i$§iv7i<ri %diH<HM dq^dFrfedTTddr, cl.7iiR)chl ?Tqr2iTf^T^oUHi y ch^oh 
die?) 'bchldd 3fr<+.d $1cfl «*l41. ?^?? #%dqR¥d 3Ttf#q £lRld<H ^ 3-dld ?Rd# 

qd^qdr, <41 #r ycii^d ciicTl qq-Mdqqars-dd ^N-HwqqqR^qqRrftdd' 

fcdr. a^ 3TT?q4ddcb ^ald’^arrmdtdtfr, qqaq) R)<hi u=h d^d <131 arred^. 

o 

^><h<RRi afrf^rq d*r |q qR R toRr #r #r^chidd RRiq^d) qq an-dd qq stt. trr 

dt w RcH<41 % q^TF R 3 tR}cJ 7 4*1 4d d^t STddT, qqdg ^-fll^lvdd dN-HId qq dF 4*|c|d 

a^T aft q^H FtdT £. «R?°K qq ofr % $fold«H % ^cd - ddR qq dN«HI<H & qR R Rvd<41 <£f 
^chidd 3dRt £r afr QdRi ^diPi^ 3 tt?tt q^ ^ qqdg ^r ^r artF^d ?r qit qq dNdw 
afhr q^r f^rr, qrqr % «.??°k qq dfr qqqqu (^rqtd) qqr s^r ddi^d ^ d^ft. fd 
dNdld % sfrt qRT te?r q^ f%dT f^t qqqqu % qpt qxq qr ddl^d qd" TFT dr. df^r Rvd<^l 
q^t Mt qchidd qq di-Hdi d q^qdi q^T 3dqq q^tf at?r dR q^ d^ qR^ # d^s: d f3tt. ?d 
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nUR^iM # ^5Tc?r £ f^rr fotfr % d’dif^d it d£r - fdf^r $d y<±<ni ^r 

arf^dddi^ftddr (ddr «hd«hftR^l) wn. 

t\ c\ c\ 

qT^dc^l tedl *<Wdd#>d4lfBd|ftd3>cfr$. ?^03 idF 3TdtT£r 
cldlfaeboffd dKild (John Bardeen? W - ?W) ?t$d tl<±«HI q^dd^lo} ^T 
y^id f^rr. c^fer ^ §rr ^ dd^r qq ^dr ddd %^r Farr. t^rrf^r 

3TddFdTd^%fo)iJ 3cd=h at^d tie<Hi Rlk m\ £r ddcr £ dr 

•3 O 

f^r 3fhr ^tt^t afr ff. 

^fta^-^gT^frcWT <^qr 

dd q^l^d Fdcff f ^ffr §fr sjt^ f^cft fold# dF dd d 
ztt~it ^ktt ^ ?re yidatf <£t aftc chd dindid qr qfrftrd <£r 

3frawFdTFt\ 

3d£K u l #T dtr FT, t^aw-yig (hafnium) 3rf^-d<HI$<«ffer (dFT ch^chftd) it dF^dT ft 3fdT 3TT 
0.3<J°K3ir3*rtr8f|-ch < H dNdld d=h<i^l favMI did. ^T^TUldli 0^ 2ff 3fr Fit #> dNdld ?T3dT 

O "3 

3rf^r->H j-ci i ^ cf-^fr^q- (^TqT eb^ted) qpfr df . ^r fer tfm t$3) i9.«°K ft arf^r-ddgTFF^ftd (dFi 

SFFF^ftd) it ddT. Fcd-£tf?tdd ft ## #r T?F7 JS*ir # f^dcfr ? ?/? ftdT 5^ #T cfF^t *fh 

^fRfraw (technetium), d^rr arftjqr aiw ? ? ,r°k ft 3T^r-dJ-diei+?frpT' (dFT 4»d«*>ftd) FTf dtfr. 
^ru^^iiVu^dd fcndfrdTFF^r#d£i ftd<^,F^F^dTdT#£rsidTdTdTdF^fr. 

oWU-fl £fadcfl dlli ddKI dtf afifodl, 3ttT^P^T3f)'d‘=h 4£dl^ dlcfl <?. dddd ?F%ddlf£d ftdcfl) 
('t+ldd) #» cbKU| dIM «ld«H H^^oIIcfl't. fad*! 3t $ £ Fdtdf $T<*K F»Td«hHld! 

choddl cpQi) ferQdc^l 3rf^-d^dl£+?frd (d-K 4,d«hftd) dKl ddKI U* ddFTT^d^ oUl^l £ofl did! 

tafr ^T si let ?io"d ft vjiid jfi aftr ^rtwr sick ^t ^?Trr nfr. h^oti, ardr arf^i c t>d<H hpt foTrr i -tt ^nd arf^- 

o o 

dJ-diei+^fipr (^qr^chfid) |r ??.?°K|rdt^^d^ #^dii) <dwi ^)jii. 

^<HI^ Mid O^fl 4»1£ ^Ivd d^i 3fr^Rtqrr^raTltJqT<i^l <dl d<^>. tH^ldd-ScZTofl'^fplAl.H TT^I^I ch«H 
S5f|r, ?«°KqTd<H dldl i, 3ttT3TraPR3nq'd<Hch>t STfcill dW cftid+l dlM<HI<H ?o 0 KffTdldJ|l. 

^iQild #rdT^TjqTqt?TT^3^|f.t7q7^^^f^r^'Ml4) dlrfl | attl 3raTm # T^TT 8ff 
atidw d^i If. attrdtalk, ftd<4) #rdd dKl qrr^i qq-idd) f^t^\ mtti %^tt3ttt^ o-iiidi i&tt. 

^arra^^iq^TTis-k'^ 0>0 4di^^r3fT3^rdiM<HidqT3^-d<i-di^d-?fr^- (d^u ch^+ftd) it. dpb ft.^1 ^ 
yr?f^^Wd^lTrcqT,t?TTl^^^#EITf^?Tr^q^?Jra'3ff%^^ ,, to-yT?T" (qcfRf)^^r^T 

00 000 
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Eid-fl 3ft q^rawrcM^ <hj|. prt^rt ?y°° to-tngatf %q^terw?r 

WcRTTfc 3?t 3T^->H J-d 1 6 ^froT (^TOT chafed) ^ % fM ^T^T dN<HI<H dlf^. f?^T 
dN«Hi<H qq ari^-dJ-difi^ddi (^rqq ehs'«hfera£i) qq qftf ^ §rr. 





?Tpn^' 1 T7cRU3Tlrr- 
•hj-cii softer (gqr 
4>S<*>fec|) -fUlf^l <*> 



ml; l v:^8 




3^r #r ftr=r #: 'rfraw % f^r % 

U=h HJ-cfi ^Sj1%^r3TFrqT HJIIill. 
^J-McH ?rPchpl HK ddl^dfti) s|||3ftT 
Pi+d3 f d*T y-ulJi #rqftuiml sFUfa-K-i # 
foUsn«Hidi£. 

«fid cll^l f5|=|#:^J-HH RlM^dgd qi^ww 

* 3TctT: f^nr *f oRt hrt 33fft fcaraT 
qqTft 



^ ^Tc^ qqr ^ ^ ^ 3^ cTRt 5 ^rt ^3Tc?r q^rf^cT # ott I". qfrafrw ^r 

^rsTTqr^TT^n’^f^Rvd^ fe-d Jift ^M^T-fiWTdm-HW qT^UiRto#* '9 <h<h £ doHcfl %. 



?%z,<c # qqr to-tnH qq q?q 3ft ^-fii^ldd % diHdid qq arfft-^rq^qr 53 TT. 

O o 

fadlfedd, ^dpldd, 3fht 3T^f3T3W qt ^TT to-tng ??°K qq 3^-d-»-c|l6+^ (?Tqq 4>S«hfed) 
qrm ?m. aftq ^T^raw qt ^tt to-tng 3«°K qq arf^-qrq^TFq^frqr (?rqq 

«hs«hftd) qrm ?m. 

3cZT-$l$g1oM, SoJT-^ltel'il^ #T 3Ft£fTT STTHT^ft £ 3raq?JT *f ^T q?qqq ft - qq 9|cT STTHT^ft qt dff. 

Uchdd ^toetdd^ricij-^l^dd rddiqftcrldl >H=bdl ft 5oJT-$l$g)d<H fflq 
d<H=M 3TRn5fr^ra<Hblftd 3ft fft q?qqq ft. ^«bl -Hddd ^|3TTfc?!oq--$l$gld«H qqiMdUl q^ftd^ 
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SfK'ch o)JI6 oHI$ <M<HI 3%^tfTt^‘%^TT§T^TT§T'islH<<HI«=h §fT ffT ^T^eTT ftdficd'l TTTofi 

3K°K dN«HI<H 3^3rf^<WI$e|*ffR^(*jiK c^chfe^) ^rQ^ddl 5T jTt ^T^T. ^RFf^^fT 



3^T?Rk J chsl6d STTCd^ddcb tlddl 3^-^P^l^ffcTHT (*m «hd«h^^) # ^T3T ^T §t ^|t. 

O 



dWd 41 cH 



dNJHW 

^tcR 



r o «, •* *• »> « 

^ . «l ,# f> P‘ O’ O 


®a 


( 




... ' 


N i *; Ef3 S3, 

♦ * 




i 




STR^ - 3TT 
3W 




s <\ 

M-cHIfeh # 

S^T- 

<HI$£l<H<H 



JT^dlPlchl o=RTT 3^" 

O 

to-tng % ^n^r, «ng afk 
3fl+^1vd<H #r f^r^ifaT dlPlfa> 

3flehHI$s1 <M<HI ?R^f^n\ 

3fl«WI$d Rld^fl fftf\ pFel) 

T TSn"55 ‘ ^T. folo-^ ^7T 'tUl^cfr cfr$c) 

£ (^ ?t®^ "w$" #r armrc q*). 

<*Kc) £ cf 'tUll^lch £t ^Tefr £. 

^■^fra^^r qnr ?^^chjii dd 
^rmr |f fer eitsw, ffczw attr 
^>hT3fl«hHi^1 ^rf^rw^^Kqr 

3Tf^T->H J-cl | ^ ef-^fr^q- (3TCJT chafed) 

T TRTT ^RTT. 

£ldife>$>H ^'id^FTHftuil.H Pitied 
d£d 3rE0T5r*irWrT 

O **3 

^dldch^dlPldicRF-cRF^ 

f^r-^rerfr qfra^ # 



dd Jl'tl £)cfl oToR 

3n^R^.*TTer#>3TH|to3'M$^ k'ch 
yoOKqra^-dJ-diei+^frRCdLK 4,d«*»ftd) mn\ ddi -^jk 3$ aTFzrftj^sgR’Tr^i did.x^F 
yd'|d|?TToTT?r^c1' tj)e|u|| #rf^T3TT^^TT 'tUlhficb f^TeTT oft ft^TT S^K'RarfeT- 
^J-ditf+sfrR emi: ^chftd) £. 



3Tf^-dJ-di^4-?fWT (*rqr dN^ qq jm'crui 



yr<H stptt. ?^di9 u=h Odi ddidi ^TRT^fr ^®° k ^TT 3r1^r->HJ-di^d-?fr^r (*rar 

O -3 

«hd«hftd) ^.qT^^lfa+d^-Hl^dldd #»dN<HM ^ 3Tf^T->H J-<d | ^cH^fToT (^TT =h^chf^.d ) qRTT 
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^fT zczr ar^F^TT # aft arrow t, ark 






Ucb^^TT 

^cT^rf^pr^. cTTTT^t dit^cTl RcHc^I ^cbldd (toto) % 

O' 3 o 

?fr^r cWcT oTTcfr {? . ^rqq jicTm ^ ^3tt ora - 

-3 o 

Rto #to3rft}q7^frfrdd cHH^d^l ^to-illcil Rto 

qfcfr^. 3^oT^f^oTc?r#?TFT^T^cfr^cra'^H. 
ch^<HI #?TPT^'^T^fr3ftT^' 

^m, ^FcT 3= rf?^'^ !?d eld* tod}d<1 qT^d oft # to 

O *3 

3fEIM^T 3^T ^T ^cT offr x 73cTT ^ 3^T 3^T% iarra - 

o 

to # tocffiT aft sra tot ft. 



3^--dN<Hi<H qr to-d^di£<*?ftoT (gqr <*>^<*>^£1) % 
chKUl dKl tfftolcfl RUd< Rdl to^toctto 
d^icfl ft. fo^Tdf^Kil ^RcHc^I 
dil^cfl tofrtoftodf^ctoj'H<£l JTPT^oTT^'^t3^r 
to 3 tt It. ?to ttofr % tfer to ftow tor # tom?n (tottofr) ^ oitot. 




to-dlH<HI<H qr STlrT-d J-d I £ c^ftoTHT (^fT totoft£t) £ 'HJ-Wjd'O §fT am to- «*»J-Wjd< to- to 

eClc^ oir^f «Hjfa> joH<^ c^i<£1-c^i<£1 Riuh! qr&r to dK to^to tofe-d dto ^tt ?to £. 



to-toRl L 'H itoto^lto ^'Hfe'dq^aPT?'# dto qto. ^<+,^1 3f?cT 

o 

to^q^to^to^RiuH ttod afr^qtof. to-diHdidqrto->H<MigdtoeT (^q^ 
totofa£t) tt ftofr to to st toto ttoft ftor to to ?t *to f , to to, to, to 

tor gtor ^rr *to £ off qto #r atoto 
vrqiqi 3 iRti3iich'I 3ttr jHqRfl £t -d^rl £. 



totod^d yto Tto^J-ariddi #<*,^1 
#2fttototo^°-d di^dl MdRiil 
qr oTra - fto# fttot # ?rf^cT?to qto 

ydiRid fittoeft-^tod uch?Tto?to 
qj-dcfrii-toto tofi ofr^T^i'q^MciU’Ml ^r 
to^^HTi'-K J6I to-q^F?to<HI<H<to 

' t\ 

fttoto^.3T^toqto#q^wfto 
*r to! gT^#rtotoq^r to omi tito 

pPT§17r ^TTTTT^T £t 3TTERTT to 3T^T 3 o o to 




qfcrto^rafrtoidi to TTftottofr $rd-^ toto'Hto £. ^rdi^dl ^ttogTcrto^-Htf^ atto 
toT^r^r^nqrafrqTr^rf.^^d ^toiHdidqrto-'H^diei+stoTT (>ny< ch^chft^^) 
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%chKU| f^c^l $)jfi d<6 ^T-^J-Slcplil dlfidl 

d£d -H6 J II M^JII. 

o 

3ttr 3TcT3^ ( ^ -7llio-l c ti ct^cI'chISTT 3^t yi'-cl ctKo} % ol^ cl-^<^> <j><£ 5?. o^T^ft’SR' 

cfl?sn)#«MW fad*) £<H3llvd o-dck^l3TT 3^f[ yim ^Mc) f; W^\ 
fT3To-^+-o^|3TT (tfli WTTUptf ^G^TT) ^T^T^ctf? <Hj«t-<fl3TT dT^3^r 

aft srf&F 3ik ^ferr # ^T^n^rr aft cfzt ftat. 
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